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ABSTRACT
We show that, in contrast with yu decay, measurements of
the baryon 1lifetime and semileptonic branching ratio at

different energies lead to a test of Lorentz invariance.
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Recently WNielsen and Picek [1l] proposed a way of
introducing Lorentz noninvariant interactions (LNI) in gauge
theories. Using the extended (to include LNI) standard
model [2] the authors of Ref. 1 showed that y decay is

Fl and therefore the existing

almost insensitive to the LNI
tests of Lorentz invariance based on measurements of muon
lifetime in flight are not very reliable. 1In the other hand
meson decays are sensitive to LNI and have been considered
by Nielsen and Picek as the most promising place to test
Lorentz invariance.

In this letter we report on the influence of LNI in
baryon decay. The relevance of such alternative for typical
Fermilab energies has been the motivation for this research.

Following Nielsen and Picek [l] we start with the
effective Hamiltonian

Hogp = gf (g”v+xuv)(q:(x)Jv(x)+h.c) (1)

where

MV o0 ifuav, x°0=4q, x'= (2)

w|QR

and so a characterize the strength of the LNI.
Let us now consider two different decay modes

a) Semileptonic Baryon Decay B+B'£Ge. In this case we write

for the hadronic current
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. =
<B |Ju|B> = Ug. (gyt9,Y5) I Uy (3)

We could consider a more general expression in Eq. 3,
however this will not modify our basic conclusions.F2 Using
Egs. (1-3) it is straightforward to derive the modification

of the partial decay rate due to the LNIF3

AWy op = 73 3 % (Yz" %) (93—9§)m§ I, {4a)
m
I, = 5[(1—54)-—§ (-85 « 1 -g% (1-£%)? + 48%100¢

{4b )}
with o defined in Eq. (2), Y=EB/mB and £=mB./mB. It is clear

that AW, ., vanishes if 1gv|=|gA| independently of mg,. 1In

I

the other hand if |gv|#|gA| then AW . only vanishes if

I
mB.=0. Therefore we conclude that the selection rule [1]
stating that the decay rate for u type decays is not
sensitive to LNI is only valid if [gV|#|gA| or if it is
possible to neglect the masses of the particles in the final
state.

An approximated expression for the modified standard

partial decay rate W0 [3], due to the LNI, is obtained hy

expanding in powers of 6=A/% where A=mB—mB. and E=mB+mB,
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W
_ % 2 1 2
W = ?—-[1 + cla (Y E)] + 0(8%)
W, = —93— A5(———) (92439 2) (5)
0 60T 2my qV 9a
2 2
go—9g
c. =87v-"A (6)
173 27,2
9y* 294

The importance of the LNI term depends both on the value of
o and the energies at which the experiment is done.

b) Weak Non-leptonic Decays B+*B'm The first step in

describing weak nonleptonic decays 1is to incorporate the

strong interaction corrections into the weak Hamiltonian

Egq. (1), Using the standard procedure [5] we getF4

G 2

' = - Hv
Hege = ~ 73 kzl (@I *Pr¥py) O (7

where

. 1 = Aa _ Aa _
0}y = 3 Ay, (I-yguuy, (l-yg)s-d 5= v, (1 Ygluu 5= v, (l-vg) s
2 _ 23 _ = - 3 Aa _ = Aa -
Ouv - 3 dYu(l Ys)uqu(l Ys)s+d 2 Yu(l Y5)uu 2 YV(l Y5) =

2 2. 9dg dk .

a, = [a ,M7) /o (W)] 7 by = [aS(M )/ o (W 2y1 K with d; = -4/7
d, =2/7, 4] = 4/21, dj = - 2/21, (8)
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The second step is the evaluation of the matrix
elements of this Hamiltonian. 1In the case of S wave parity
violating process there are two main contributions:
1) Factorization term which can be written

' GF SRR} v

<B'm[H_ |B> = - 75'2 (2,9, *0yx, ) <B' [T |B><n|I7[0> (9
2) soft pion contribution. In this case the matrix element
<B'H|Héff|B> can be expressed in terms of the matrix
elements of the effective Hamiltonian between baryonic
states

~ k v v
<B'm[H_p.|B> <B'|0uv|B> (akJu +bkxu

). (10)
Instead of considering a particular model to ewvaluate the
right hand part of Eq. (10) we parametrize the partial width
in a similar fashion as the obtained in the semileptonic

case
W(BsB'm) = WO (BsB'm [1 + ca(y’-1/4)1. (11)

It is clear that Eq. (9) gives a non-vanishing contribution
to Cy in BEg. (11). So in writing Eq. (ll) we assume that
the soft pion term gives a similar result. It is worth

noticing that although the contribution proportional to guv
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in Eq. (10), when evaluated in the bag model, is of opposite
sign that the similar term in Eg. (9) the latter represents
only 15 to 20% of the total amplitude [4] and therefore we
expect 02#0.

Let us now consider the possibility of measuring the
LNI effects above discussed in the lifetime and semileptonic
branching ratioc. For the sake of definiteness we will
consider I decay. The lifetime is dominated by the
nonleptonic decay I +nm . Therefore comparing the results
obtained at high energy with those at low energy it is

possible to set a limit on PR
0 1 0
L s G A 2
0 ( 1 0) 2 &M (12)

on the other hand measurements of the semileptonic branching

ratio B=W(B+B'£Ge)/W(B+a11) restrict

0 _ . _ 2
= (cy-¢y) @ ¥]B,- (13)

The Fermilab charged hyperon beam will run at energies
around 300 GeV., It is reasonable to expect measurements of
the lifetime and semilepteonic branching ratio to about 5%

5 to 107 7.F5

[7]. This will imply a limit on o ~ 10
In conclusion we have shown that the semileptonic
baryon decay is sensitive to the LNI. 1In the other hand we

have argued that nonleptonic baryon decay will also be
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sensitive to the LNI but we are unable to make a definite
prediction for <, {see Eq. 11). The consequence of this |is
that either the semileptonic branching ratio and/or the
baryon lifetime as measured at high energies could be
different from the values obtalned at low energies.
Considering typical Fermilab energies and assuming that the
measurements are done to about 5% we obtain the limits
a ~ 10—5, J.O“7 from the branching ratio and lifetime
respectively, This is an improvement of two to three orders
of magnitude on the existing limits [1,8]F6 on the LNI,

We wish to thank J.D. Bjorken for calling our attention

te this problem; J. Lach for useful conversations and the

Theory Group at Fermilab for its warm hospitality.
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FOOTNOTES

FlTerms of order (me/mu)2 as well as 0(&2) have been

neglected in [1].

F2The contribution of the remaining form factors only modify

the 0(62) terms. See Eg. (5).

F3In this Eq. we have neglected the masses of the leptons

in the final state as well as terms of order az(Y2—1/4).

Fige are neglecting SU(4) symmetry breaking. A study of

such effects as well as the evaluation of the matrix

elements in the KO—RO system is given in [6].

e are assuming cz"l. This is not unreasonable.

Furthermore as we 1ncrease c2 we obtain a smaller wvalue

for a.

F6There exist data on the KO—R that could be interpreted as

0
evidence of LNI [9]. Analysis based only on the energy

6

dependence of Amk, gives the limit aZ3x10™° [1,6].
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